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ABSTRACT 
Effect of Sand-Filled Tunnels on Seedling Establishment of Some Tree 
Species on Saline Sodic Soils  
 
The study aimed to improve the soil water around seedlings in the irrigated 
farms south of Jebel Auilia town which is an area that is dry, devoid of trees 
and with saline and sodic soil.  The main objective was to increase water 
percolation into the subsoil using tunnel filled with sand around seedling to 
increase lateral water movement.  Seedlings from selected five tree species 
known for their tolerance to drought and salinity were used. The species were 
Acacia ampliceps, Casuarina equisetifola, Eucalyptus camaldulensis Grewia 
tenax, and Ziziphus spina-christi.  The seedlings were raised in a nursery and 
transplanted in into irrigation ditches in a farm south of Jebel Auilia. Circular 
holes about 20 cm from the seedlings were made. They were one meter in 
depth.  The holes were then filled with sandy soil and then covered with mesh.   
The treatment consisted of zero; one or two sand filled tunnels 20 cm away 
from each seedling.  The seedlings were irrigated weekly. Seedling shoot 
length, diameter, number of branches and survival were evaluated periodically 
for 315 days.  Generally, the treatment of the tunnels filled with sand didn’t 
increase the shoot length, diameter or the number of branches for the five 
tested species.  The five tested species showed no significant differences under 
the three levels of the treatment.  However, the shoot length, diameter and 
number of branches showed continued increase during the test period.  Also, 
the rate of survival was high between 83% and 100% under treatments in the 
five tested species. These results may indicate that the sand tunnels didn’t 
improve the lateral water movement due to soil sodicity or there was sufficient 
xi 
 
downward movement of water that satisfied the seedlings requirement of 
moisture of these drought tolerant species.  The study recommends use of 
drought tolerant species in Jebel Aulia area and further studies that monitor 
lateral water movement.        
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  اﻟﺨﻼﺻﺔ
  
  ﻣﻞ ﻓﻲ إﺳﺘﺰراع ﺑﻌﺾ أﻧﻮاع اﻷﺷﺠﺎر ﻓﻲ اﻟﺘﺮب اﻟﻤﺎﻟﺤﺔ اﻟﺼﻮدﻳﺔأﺛﺮ اﻟﺤﻔﺮ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺮ
  
  
هﺪﻓﺖ اﻟﺪراﺳﺔ ﻟﺘﺤﺴﻴﻦ ﻣﺎء اﻟﺘﺮﺑﺔ ﺣﻮل اﻟﺸﺘﻼت ﻓﻲ اﻟﻤﺰارع اﻟﻤﺮوﻳﺔ ﺟﻨﻮب ﻣﺪﻳﻨﺔ ﺟﺒﻞ اوﻟﻴﺎء اﻟﺠﺎﻓﺔ 
آﺎن اﻟﻬﺪف اﻟﺮﺋﻴﺴﻲ ﻟﻠﺪراﺳﺔ زﻳﺎدة آﻤﻴﺔ اﻟﻤﺎء . اﻟﺨﺎﻟﻴﺔ ﻣﻦ اﻷﺷﺠﺎر ذات اﻟﺘﺮﺑﺔ اﻟﻤﻠﺤﻴﺔ اﻟﺼﻮدﻳﺔ
ﺔ اﻟﺘﺮﺑﺔ اﻟﺴﻔﻠﻲ وذﻟﻚ ﺑﻌﻤﻞ ﺣﻔﺮ وﻣﻠﺌﻬﺎ ﺑﺎﻟﺮﻣﻞ ﺣﻮل اﻟﺸﺘﻮل ﻟﺰﻳﺎدة ﺣﺮآﺔ اﻟﻤﺎء اﻟﻤﺘﺮﺷﺢ داﺧﻞ ﻃﺒﻘ
ﺗﻢ إﺧﺘﻴﺎر ﺧﻤﺴﺔ أﻧﻮاع ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻷﺷﺠﺎر ﺗﺘﻤﻴﺰ ﺑﺘﺤﻤﻠﻬﺎ ﻟﻠﺠﻔﺎف واﻟﻤﻠﻮﺣﺔ . اﻟﺠﺎﻧﺒﻴﺔ ﻟﺘﺤﺴﻴﻦ ﻧﻤﻮ اﻟﻨﺒﺎت
 sisneludlamac sutpylacuE ,alofitesiuqe anirausaC ,specilpma aicacAوهﻲ 
 ﺗﻢ ﺗﺮﺑﻴﺔ اﻟﺸﺘﻮل ﻓﻲ ﻣﺸﺘﻞ ﺛﻢ زرﻋﺖ ﻓﻲ ﺟﺪاول .itsirhc-anips suhpiziZ dna ,xanet aiwerG
 ﺳﻨﺘﻴﻤﺘﺮ ﻣﻦ اﻟﺸﺘﻼت ﺑﻌﻤﻖ واﺣﺪ 02ﻣﺮوﻳﺔ ﻓﻲ ﻣﺰرﻋﺔ ﺟﻨﻮب ﺟﺒﻞ اوﻟﻴﺎء ﻋﻤﻠﺖ ﺣﻔﺮ داﺋﺮﻳﺔ ﻋﻠﻲ ﺑﻌﺪ 
، اﻟﻤﻌﺎﻣﻼت اﺣﺘﻮت ﻋﻠﻲ ﺛﻼﺛﺔ ﻣﺴﺘﻮﻳﺎت وهﻲ ﺻﻔﺮ. ﻣﺘﺮ وﻣﻠﺌﺖ ﺑﺎﻟﺮﻣﻞ وﺗﻢ ﺗﻐﻄﻴﺘﻬﺎ ﺑﺎﻟﺴﻠﻚ اﻟﻨﻤﻠﻲ
ﺗﻢ .  ﺳﻨﺘﻴﻤﺘﺮ ﻣﻦ آﻞ ﺷﺘﻠﺔ وﺗﻢ رﻳﻬﺎ اﺳﺒﻮﻋﻴًﺎ02واﺣﺪ وأﺛﻨﻴﻦ ﺣﻔﺮة ﻣﻠﻴﺌﺔ ﺑﺎﻟﺮﻣﻞ ﺣﻮل اﻟﺸﺘﻼت ﻋﻠﻲ ﺑﻌﺪ 
وﺟﺪ أن اﻟﺤﻔﺮ اﻟﻤﻤﻠﻮﺋﺔ ﺑﺎﻟﺮﻣﻞ ﻟﻢ .  ﻳﻮم513 ﻟﻤﺪة ﻋﺪد اﻷﻓﺮع وﺑﻘﺎء اﻟﺸﺘﻮل دورﻳًﺎ، ﻗﻄﺮ، ﻗﻴﺎس ﻃﻮل
ﻗﻄﺮ وﻋﺪد اﻓﺮع اﻟﺸﺘﻮل ﻟﻠﺨﻤﺲ أﻧﻮاع وﻟﻢ ﺗﻈﻬﺮ اﻟﺨﻤﺲ أﻧﻮاع أي أﺧﺘﻼﻓﺎت ﻣﻌﻨﻮﻳﺔ ﻓﻲ ، ﺗﺰﻳﺪ ﻣﻦ ﻃﻮل
اﻟﻘﻄﺮ وﻋﺪد اﻷﻓﺮع ﻟﻸﻧﻮاع ، ﻣﺴﺘﻮﻳﺎت اﻟﻤﻌﺎﻣﻠﺔ اﻟﺜﻼﺛﺔ وﺑﺎﻟﺮﻏﻢ ﻣﻦ اﻟﺰﻳﺎدة اﻟﻤﻠﺤﻮﻇﺔ ﻓﻲ ﻃﻮل اﻟﺴﺎق
ﻟﻸﻧﻮاع اﻟﻤﺨﺘﻠﻔﺔ ﻓﻲ % 001 –% 38 ﺑﻘﺎء ﻋﺎﻟﻴﺔ ﺗﺘﺮاوح ﻣﺎ ﺑﻴﻦ اﻟﻤﺨﺘﻠﻔﺔ وآﺬﻟﻚ أﻇﻬﺮت ﻣﻌﺪﻻت
ﺗﺸﻴﺮ اﻟﻨﺘﺎﺋﺞ إﻟﻲ أن اﻟﺤﻔﺮ اﻟﻤﻤﻠﻮءة ﺑﺎﻟﺮﻣﻞ ﻻ ﺗﺰﻳﺪ ﻣﻦ ﺣﺮآﺔ اﻟﻤﺎء اﻟﺠﺎﻧﺒﻴﺔ ﻧﺘﻴﺠﺔ . اﻟﻤﻌﺎﻣﻼت اﻟﻤﺨﺘﻠﻔﺔ
ﻟﺼﻮدﻳﺔ اﻟﺘﺮﺑﺔ أو آﺎﻧﺖ هﻨﺎك ﺣﺮآﺔ ﻣﻴﺎة ﺳﻔﻠﻴﺔ ﺗﻜﻔﻲ ﻣﺘﻄﻠﺒﺎت اﻟﺮﻃﻮﺑﺔ ﻓﻲ ﺷﺘﻮل اﻷﻧﻮاع اﻟﻤﻘﺎوﻣﺔ 
ﺖ اﻟﺪراﺳﺔ ﺑﺈﺳﺘﺨﺪام اﻷﻧﻮاع اﻟﻤﻘﺎوﻣﺔ ﻟﻠﺠﻔﺎف ﻓﻲ ﻣﻨﻄﻘﺔ ﺟﺒﻞ أوﻟﻴﺎء ودراﺳﺎت إﺿﺎﻓﻴﺔ أوﺻ. ﻟﻠﺠﻔﺎف
  . ﻟﻤﺮاﻗﺒﺔ ﺣﺮآﺔ ﻣﻴﺎة اﻟﺘﺮﺑﺔ اﻟﺠﺎﻧﺒﻴﺔ
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CHAPTER ONE 
INTRODUCTION 
1.1 Background 
About 66% of the Sudanese people depend on agriculture (Land and Water 
Research Center, 2001).   In the last three decades large areas of fertile land 
were damaged or lost due to drought and desertification especially in the 
Sahelian zone in the northern parts of Sudan. On the other hand there is an 
increasing demand for food and other agricultural products due to population 
growth (Maxwell, 1991).  
Total salt-affected soils in Sudan are 4.8 million ha, of which 2.1 million ha 
are saline and 2.7 million ha is sodic soils (Land and Water Research Center, 
2001).  The majority of salt-affected areas are located in the low rainfall 
regions in Northern Sudan. This is due to climatic conditions, natural causes 
of weathering of salt-bearing rocks, poor soil and water management in 
irrigated areas including insufficient drainage system (FAO, 2000).  
A number of classification systems of salinity and sodicity were adopted like 
USA system (USSL, 1954) and Sudan system (Nachtergaele, 1976).  The 
classification in Sudan system, adopted by the Soil Survey Administration 
(Currently, Soil and Water Centre, ARC), is based on the ECe and ESP of the 
soil according to the depth as shown in (Table 1-1) and (Table 1-2) 
(Nachtergaele, 1976). Northcote and Skene (1972) considered a soil sodic 
when the ESP is in the range between 6 and 14 % in the top meter of the soil 
profile and equivalent SAR, as measured in 1:5 soil: water extract, is 3% 
(Rengasamy et al., 1984). 
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Table (1-1): Sodicity classification system of the Sudan adopted by Soil 
Survey Administration 
Class Name ECe (0-30cm) ECe (30-90cm) Code 
Non-sodic 0 – 15 0 – 15 A0 
Slightly sodic 0 -15 15 – 25 A1 
Moderately sodic 
0 – 15 
15 – 25 
25 – 35 
15 – 25 
A2 
Highly sodic 
0 – 15 
15 – 25 
25 – 35 
> 35 
25 – 35 
25 – 35 
A3 
V. Highly sodic 
15– 25 
25– 35 
>35 
>35 
>35 
>35 
A4 
 
Table (1-2): Salinity classification system of the Sudan adopted by Soil 
Survey Administration  
Class Name ECe (10-30cm) ECe (30-120cm) Code 
Non-saline 0 – 4 0 – 4 S0 
Slightly saline 0 – 4 4 – 8 S1 
Moderately saline 
0 - 4 
4 – 8 
8 - 16 
4 – 8 
S2 
Highly saline 
0 - 4 
4 - 8 
8 – 16 
> 16 
> 8 
8 – 16 
S3 
V. Highly saline > 8 > 16 S4 
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1.2 Justification 
Jebel Aulia area, south of Khartoum, may represent tropical condition with 
saline and sodic soils (Plate 1-1). At high level, salinity causes physical 
damage and mortality of plant (Terry, 2001; Warrence et al., 2002), whereas 
sodicity causes soil dispersion, especially in soils with high clay contents 
(Warrence et al., 2002). Sodicity decreases drainage from sodium-induced 
soil dispersion which reduces water entry and nutrients availability to the 
plants (Warrence et al, 2002).  
Jebel Aulia area is devoid of trees (Plate 1-2) due to salinity, sodicity, 
removal of trees for domestic use and environmental factors.  Afforestation is 
needed, especially within and around villages and irrigated farms, to increase 
the vegetation cover. Thus there is need for studies that address increasing 
water availability in these prevailing saline-sodic soils. 
 
Plate (1-1): Water canal affected by salt in a farm in Jebel Aulia  
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Plates (1-2): Bare landscape around a village in Jebel Aulia area 
1.3 Research problem 
Saline -sodic soils are characterized by low moisture content at root zone due 
to low hydraulic conductivity which is in turn due to high dispersion of 
participles as result of high accumulation of sodium ions. Many treatments 
were established to reclaim salt-affected soils like leaching and consequent 
removal of excessive salts out of the root zone as solution of salts.  Leaching 
of soluble salts below root zone and removal of leached salts out of the soil 
profile by natural or artificial drainage for saline soils and exchange of 
sodium ions by calcium ions on the soils, exchange is complex (Mustafa, 
2007), and are difficult and expensive  
Soil analysis in the study area showed that the EC and ESP decreased from 
the top soil to the subsoil (Table 1-3), and this prevents water percolation 
from the top layer to the underneath layers.  Accordingly if water can be 
delivered underneath, it can move laterally and vertically (upward).  Hence 
water will be introduced to the soil around the root system. This can be 
achieved by breaking the continuation of the clay soil by holes filled with 
sand. Also planting near the sand column may make water more available to 
the root system.  In addition, tree species vary in their tolerance to the water 
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stress condition and it is important to identify the most tolerant species that 
can be used in saline sodic areas. 
1.5 Objectives  
This research aims to improve water percolation into the subsoil of saline and 
sodic soils in Jebel Aulia area to increase water availability for root systems.  
The main objective is to study the effect of vertical tunnels (holes) filled with 
sand around seedlings on lateral water movement and the consequent effect 
on growth and survival of suitable tree species. Also, applying of vertical 
tunnels filled with sand around the seedlings may attract roots of suitable tree 
species towards water.    
Specific objectives are to evaluate the effect of vertical tunnels filled with 
sand in the vicinity of seedling on: 
1.  Survival of seedlings of five species over one year period. 
2. Seedlings shoot length, diameter and number of branches of 
each of five species over one year periods. 
3. Identify adaptability of five tree species for Jebel Aulia area.  
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Table (1-3) Chemical and physical properties of the soils of the study area  
CaCo3 N O.C Soluble 
Cations 
Soluble Anions 
Na  Ca Mg Cl HCo3 
Depth 
cm 
pH 
paste 
E.C 
dsm-1 
C/N 
………%............ 
                      Me1-1 
0-30 8.7 7.52 6 5.6 0.010 0.06 84.7 5.0 3.0 18.0 3.55 
30-60 8.3 4.28 1 5.8 0.022 0.02 43.4 4.0 1.0 13.0 3.15 
60-90 8.6 2.26 2 6.6 0.030 0.05 21.7 2.5 0.5 7.0 245 
 
 
 
Exch. Cations   Mechanical Analysis 
Na K 
CEC 
CS FS Si C 
Saturation Depth 
cm 
Cmol (+) Kg-1 soil 
SAR ESP Av .P 
Mgkg-1 
soil                     …... %........ 
0-30 14 0.63 31 42 45 2.8 7 5 37 51 60 
30-60 7.8 0.59 42 27 29 3.6 15 10 27 48 57 
60-90 8.6 0.43 39 18 22 2.8 21 15 20 44 82 
 
Where: 
pH: Hydrogen exponent EC: Electrical conductivity      
C/N: Carbon / Nitrogen ratio CaCo3: Calcium carbonate  
N: Nitrogen O.C: Organic Carbon 
Na: Sodium Ca: Calcium 
Mg: Magnesium Cl: Chloride 
HCo3: Bicarbonate Exch: Exchangeable                  
K: Potassium CEC: Cation Exchange Capacity    
SAR: Sodium Adsorption Ratio ESP: Exchangeable Sodium Percentage  
Av. P: Available Phosphorous                 Cs: Coarse sand, Fs: Fine sand, Si: silt,          
C: Clay   
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CHAPTER TWO 
LITERATURE REVIEW 
2.1 Saline and sodic soil 
Salinity is the total concentration of salt dissolved in water or soil and affects 
the ability of plants to extract moisture from the soil. Soil salinity develops 
through accumulation of salts, prominently sodium chloride, and is measured 
by its electrical conductivity (EC) (Leth and Burrow, 2002). Sodicity alters 
soil structure making water less available for plant growth (Leth and Burrow, 
2002). Sodication and salinzation occur naturally but they may be accelerated 
by adverse human activities (Mustafa, 2007).  
2.1.1 Saline soil 
Salinization is the increase of the total soluble salt concentration in the root 
zone of the soil profile. A saline soil is defined as the soil where the Electrical 
Conductivity (EC) of the saturation extract is equal to or greater than 4 dsm-1, 
with a pH of 8.5 or more, and the exchangeable sodium percentage (ESP) is 
15 % or more (Mustafa, 2007).  Salinity affects 7% of the world's land area, 
which amounts to 930 million ha (Szabolcs, 1994). A global study of land use 
over 45 years concluded that 6% had become saline (Ghssemi et al, 1995). 
2.1.1.1 Effect of salinity on plant growth 
As salt content in soil increases, the amount of water available for plant 
uptake decreases. High concentrations of specific salts may also cause 
disruption in the uptake and utilization of other minerals needed by the plants 
and may reduces seed germination (Terry, 2001).  Increased salinity requires 
plants to use more energy to get water from the soil, which leaves the plant 
with less energy available for growth (Warrence et al., 2002). 
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Moderately salt-stressed plants usually appear normal, although their leaves 
may be darker green, thicker and more succulent than non-stressed plants. 
Visual symptoms (leaf burn, necrosis, and defoliation) sometimes occur, 
particularly in woody species. At high levels, salinity can cause physical 
damage and mortality (Warrence et al., 2002)  
One of the main effects of salinity is the delay of germination and seedling 
development. Due to evaporation at the soil surface, salt concentration in the 
seedbed is often higher than deeper in the soil profile leading to a greater 
degree of stress than indicated by usual salinity measurements. Plant loss 
during this seedling stage can reduce the plant population density to below 
optimal levels and significantly reduce yields (Warrence et al., 2002).  In 
terms of adaptation to salinity, higher plants are classified as halophytes and 
glycophytes which are considered as essentially adapted and nonadapted to 
saline habitats, respectively (Van Genuchten and Hoffman, 1984). 
2.1.1.2 Reclamation of saline soils 
The first step towards reclamation is an assessment of the soil including the 
soil profile.  Leaching of salts depends on the initial soil salinity; in general, 
about 80% of the soluble salt initially present in the soil profile will be 
removed by leaching with a depth of water equivalent to the root zone depth. 
The leaching requirement when using irrigation water of a specific salinity 
level may be estimated as described by Mustafa (2007).  Reclamation can by 
enhanced by the presence of plants due to physical action of roots, increased 
dissolution of lime in the presence of CO2 evolved from plant root s or the 
addition of organic matter ( Mustafa, 2007).  
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2.1.2 Sodic soils  
The definition of soil sodicity has proved to be controversial (Chartres, 1993; 
Sumner, 1993; Sumner et al., 1998; Rengasamy and Churchman, 1999; Levy, 
2000).  Generally, soil sodicity is assessed by the ratings of the Exchangeable 
Sodium Percentage (ESP) and/or Sodium Absorption Ratio (SAR), these two 
parameters are prepared and calculated in different ways (Rangasamy and 
Churchman, 1999). Sodication or alkalization is the increase of the ESP in the 
root zone of the soil profile (Mustafa, 2007).  Mustafa (2007) defined sodicity 
as ‘soils in which more than 15 per cent of the clay's negative charge is 
balanced by sodium and the pH values usually greater than 8.5’. Warrence et 
al. (2002) indicated that excess sodium in soil water can cause soil dispersal, 
especially in soils with high clay contents. Soil dispersal causes loss of soil 
structure and surface crusting. Surface crusting leads to reduced hydraulic 
conductivity, reduced water infiltration, and increased water runoff. 
2.1.2.1 Effect of sodicity on plant growth 
Decreased drainage from sodium-induced soil dispersal can increase the 
sodicity in the root zone. If water containing salts is not allowed to drain 
below the root zone, the salt concentration of soil water will increase as plants 
take up water by transpiration and as evaporation occurs (Warrence et al., 
2002).   Sodium-induced dispersal makes it difficult for plant roots to get the 
water and nutrients from soil. This occurs because sodic soils are likely to 
become and remain water logged, resulting in anaerobic conditions (Warrence 
et al., 2002). High Sodium levels compete with calcium, magnesium, and 
potassium for uptake by plants roots. Therefore, excess sodium can prompt 
deficiencies of other cations (positively charged nutrients). High levels of 
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calcium, magnesium, and potassium cations can cause imbalance and induce 
nutrient deficiencies (Davis et al., undated).  
2.1.2.2 Reclamation of sodic soils 
The Reclamation of sodic soils is usually done by replacing the sodium with 
calcium and then leaching the sodium out. This is achieved through dissolving 
of limestone (calcium carbonate) or gypsum (calcium sulfate) already present 
or, adding calcium to the soil (Mustafa, 2007). 
2.2 Soil texture  
Soil texture affects the ability of the soil to hold water and its ability to 
withstand cultivation and compaction (Hollier, 2006). Soil particles vary 
according to their size and classified into three types namely sand, silt and 
clay. Sand has soil particle with a size of (0.05-2mm) and a soil is classified 
as sandy soil particles predominate. Sandy soil drains quickly and plants need 
to be regularly watered (Fir, 2008). Silt is smooth and slippery to the touch 
when wet; the individual particles are much smaller than those of sand and 
seen with the aid of a microscope (Williams, undated). Silt particles are larger 
than clay, and are between 0.002 and 0.05 millimeters in diameter (Brown, 
2003). Clay is sticky and plastic-like to handle when wet with particles that 
are extremely small with a size of (< 0.002mm). Clay soils are rich in clay 
and fine in texture (Williams, undated).   
2.3 Soil water movement   
The total soil water potential is the sum of the gravitational pressure and 
osmotic potential. The influence of osmotic potential is confined to cases in 
which salt sieving occurs, as for example in uptake of water by plant roots 
(Marshal and Holmes, 1979). 
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2.3.1 Hydraulic conductivity  
Hydraulic conductivity defines as the rate of movement of water through a 
porous medium such as a soil or aquifer. It is influenced by the properties of 
the fluid being transmitted (such as viscosity) as well as the porous medium 
(Alayamani, 1993) 
2.3.2 Infiltration  
 Infiltration is the process by which water on the ground surface enters the soil 
and governed by two forces, gravity, and capillary action, once water has 
infiltrated the soil it remains in the soil, percolates down to the ground water 
table, or becomes part of the subsurface runoff process (Mays, 2005). The rate 
of infiltration is affected by soil characteristics including ease of entry, 
storage capacity, and transmission rate through the soil (Mays, 2005).  
 2.4 Irrigation 
The impact of irrigation on soils depend upon the initial physiochemical 
properties of the soil such as salinity, sodicity, texture, structure, infiltration 
rate, soil stratification, presence of high water table (Mustafa, 2007). Various 
types of irrigation techniques differ in how the water obtained from the source 
is distributed within the field (Frenken, 2005) as follows: 
Surface irrigation:  This type is possible when ground is leveled and the soil 
type enables slow or moderate percolation of water.  Its major disadvantages 
are the severe loss of water by evaporation and by percolation beyond the 
developed root system. 
Furrow irrigation: It is a type of flood irrigation in which water is allowed to 
flow in furrows dug between rows. Furrow irrigation has advantages of 
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flushing salts out of saline soils and saving some of the water lost by run-off 
in flood irrigation. 
Flood irrigation:  In this type of irrigation a large amount of water are needs 
to the field and flow in the ground. The presence of non-sloping flat lands is a 
basic requirement for this   type of irrigation. The problem of Flood Irrigation 
is that about50% of the water applied in this system is lost through various 
means including run-off, evapo-transpiration and deep percolation (USGS, 
2006).  
One of the advantages of flood irrigation is its ability to flush salts out of the 
soil (USGS, 2006) this is particularly important in arid environments where 
soil salinity is a serious problem. 
Spray irrigation:  Spray Irrigation is an expensive type of relatively modern 
irrigation, requiring complex and expensive machinery but utilizes water 
more efficiently. More water is lost through evaporation in spray system to 
flood system and plant diseases due to excess moisture can occur at over 
watering. 
 
2.5 Tolerance of species to salinity, sodicity and drought 
Many tree species are tolerant to salinity sodicity and drought like Acacia 
stenophylla, Casuarina obese, Eucalyptus cornuta, Ziziphus spina-christi, 
 Tamarix aphylla, Eucalyptus wandoo, Eucalyptus camaldulensis, 
 Pinus pinaster, Casuarina torulosa, Trifolium alexandrinum, Pisum sativum, 
Acacia ampliceps , Casuarina equistifolia, Grewia tenax, and Dactylis 
glomerata (http://www.plantstress.com).  They accumulate high levels of 
sodium and other salts in their above ground tissue (Gorham et al., 1987). 
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Also they excrete halophytes Possess glandular cells or vesiculated trichomes 
(leaf hairs), which are able to excrete sodium and other salts from their leaf 
tissue (Kelly et al., 1982). 
2.6 The selected species  
2.6.1 Acacia ampliceps  
A. ampliceps  (Salt Wattle, JilaJila), belong to the family Fabaceae, is a fast-
growing dense shrub or small tree, 3-9 m tall with up to four stems and 
spreading crown.   It is restricted to north-western Australia and the northern 
territory along the coast and the scattered localities, throughout dry land areas. 
The latitudinal rang is 16-26º S and it is found from near sea level to about 
400 m (Maslin, 1974). It occurs mainly in warm to hot, semi-arid and arid 
zones. Mean annual rainfall is 250-700 mm with a summer maximum. The 
dry season is 5-9 months. Soils are mainly alluvial, either sandy or clayey, 
and typically strongly alkaline. It is one of the most salt tolerant acacias 
(Maslin, 1974).  The species is valued as an agroforestry tree for its hard 
round-wood, good fuel-wood, good browse, seeds consumed by aborigines 
(Maslin, 1974).  
 
2.6.2 Casuarina equisetifolia 
C. equisetifolia (L.) (Exotic), commonly known as Australian pine, Casuarina, 
belongs to the family Casuarinaceae. The tree has root nodules containing 
nitrogen-fixing actinomycetes. It is evergreen; 15-25 m height with long 
drooping grey green needles and small cones, crown is open and feathery that 
appears leafless (Gilman and Watson, 1993). 
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The tree is native to tropical Indian Ocean Coasts, Australia and Polynesia in 
a climate which is warm to hot, subtropical and tropical; 10-33º C monthly 
mean temperatures; from sea level up to 1500 m; rainfall 700-2000 mm and 
6-8 dry months; but also grows with much less rainfall; it tolerates calcareous 
and slightly saline soil; grows poorly in heavy clay; it can withstand partial 
water logging (Gilman and Watson, 1993). The trees grow best in slightly 
uneven topography where holes and swales hold rainwater reserves 
(http://www.Floridata.com ) 
The wood burns readily even when green. Timber makes building poles, 
fence posts and transmission poles. The tree bark contains a dye and tannin. 
Wood can give good pulp. The tree forms excellent wind breaks and is 
efficient in erosion control in coastal areas because of its salts tolerance. But 
the tree exhausts moistures (Gilman and Watson, 1993). 
 
2.6.3 Eucalyptus camaldulensis 
E. camaldulensis (Denh) (Exotic), river red gum, belongs to the family 
Myrtaceae.  It is a fast growing species that reaches 20 meters, sometimes up 
to 45 meters tall. The bark is dappled with red, gray, green and white.  It 
occurs in most of the Australian mainland. The tree shows a fast rate of 
growth in Sudan (MAI 1.55 on clay),timber is good for poles and for fire 
wood, it is strong, durable and used for construction and railway sleepers in 
some places, timber is suitable for many purposes, it is mainly use in Sudan as 
building pole (Duke, 1983). 
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2.6.4 Grewia tenax 
G. tenax (Foresk.) Fiori, locally called gudeim, belongs to the family 
Tiliaceae. 
It is a multi-stemmed shrub up to 2 m tall, usually rounded but generally 
battered and untidy due to browsing. Bark smooth, grey, very fibrous so that 
twigs are hard to break. Leaves alternate, almost circular in outline, 1.5-4 cm 
in diameter, margins toothed, often hairy, flowers solitary or in pairs, 
axillarily placed, petals white, about 1 cm long; sepals long and recurved, 
fruit orange-red at maturity. (http://www.worldagroforestrycentre.org). 
The species, native to Sudan has many uses. Leaves are intensively browsed, 
even when dry; fallen leaves are eaten by camels, sheep and goats. Bark for 
binding work in hut construction and the fruit is edible (El-Siddiq et al., 
2003). 
 
2.6.5 Ziziphus spina-christi 
 Z. spina-christi (L.) Desf, locally called Sidir, belong to the family 
Rhmanaceae.  It is a shrub with many intertwined branch, forming an 
impenetrable thicket. Bark deeply fissured (Dafni, 2005). The species is 
ecologically and economically important for its tolerance to drought and 
salinity (Assareh and Sardabi, 2004).  It is introduced and naturalized in many 
tropical countries. Its native habitat is throughout the Sahel from Senegal in 
West Africa to Ethiopia and Eritrea in East Africa. It is widespread in the near 
and Middle East, and in the dry areas of northern Africa (Hedberg and 
Edwards, 1989). 
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The species can contribute to control desertification and soil erosion. The 
fruits are edible and can be prepare for consumption in many ways, the drupes 
are eaten fresh, pickled, dried or made into confectionery, and the choice can 
be made into refreshing drink (Dafni, 2005). 
Beside the fruits, nearly every organ of Ziziphus plants can be utilized. The 
leaves and twigs of must Ziziphus species can be used as high protein content 
per dry weight; they are an important nitrogen source for the animals. The 
wood of the Ziziphus tree species is dense and compact. It is used for various 
purposes in everyday life of people including the production of tools, poles, 
toys, and for turning (Dafni, 2005). 
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CHAPTER THREE 
MATERIALS AND METHOUDS 
3.1 Study area 
The study was conducted in a farm 23 km south of Jebel Aulia area in 
Central Sudan, south of Khartoum between 2006 and 2008.   Metrological 
data (2005), showed that the climate is typical tropical continental, 
characterized by warm dry winter and hot rainy summer. Temperature is 
high for most of the year, with mean of 37ºC and 21ºC for maximum and 
minimum summer temperatures, respectively. The mean relative humidity 
(RH) is lowest in April (10%) and highest in August (67%).  The mean 
daily evaporation is highest in April (20.00 mm) and lowest in August 
(10.8 mm). This coincides with higher temperatures and lower RH in 
April, while in August, cooler and more humid condition reduced 
evaporation. The wind in the study area blows in the dry season from the 
south- east direction at about 4.5m/s. The dust storms (Hboobs) are 
common in summer season. 
The soils of the White Nile are clayey with uniform texture and profile 
features (Brawn et al., 1991).  Soil analysis carried out at the Plant and 
Water Research Center laboratory, Agriculture Research Coraporation, 
Medani showed that it is saline and sodic (Table 1-3). 
The tree vegetation in the study area is limited with very few scattered 
trees of Prosopis spp, Caparice desucidua and Calyotropis procera (Plate 
1.2). 
 
3.2 Site preparation 
The study site was demarcated, 9m x 42 m, in an irrigated farm where 
water was funneled through water canals.  The planting site was prepared 
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by making ditches by a wide ditcher running from east to west (Plate 3-
1A).  The ditch was 9 meters in length with four planting spots that are 3 
meters apart.  The number of ditches was 15 and the distance between 
ditches was 3 meters.  
 
                                                   
                  A      B 
Plate (3-1): Land preparation for planting in the study site 
 
3.3 Plant material  
The following five species were selected due to their drought and salinty 
tolerance:   
• Acacia amplyceps:  reported to have good salinity tolerance (ECe800-
1600ms/m) (http://www.plantstress.com). 
• Casuarena equisetifolia: reported to have good salinity tolerance 
(ECe800-1600ms/m) (http://www.plantstress.com). 
• Eucalyptus camaldulensis:  reported to have good salinity tolerance 
(ECe400-800ms/m) (http://www.plantstress.com). 
• Grewia tenax:  is highly drought resistant and occurs in the driest 
savannas at desert margins  http://www.worldagroforestrycentre.org  
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• Ziziphus spina-christi tolerant to drought and salinity (Assareh and 
Sardabi, 2004). 
 
Seedlings from the above species were obtained from the Forest Research 
Center nursery in Soba.  They varied in age due to their availability where 
Acacia amplyceps were two years old, Casuarena equisetifolia were two 
months old, Eucalyptus camaldulensis were seven months old, Grewia tenax 
and Ziziphus spina-christi were five months old. 
 
3.4 Treatments and experimental design  
The treatments consisted of planting of seedlings from the above five species 
and then digging of circular holes about 20 cm from the seedlings to make 
water movement more available.  The holes were dug with auger and each 
hole is one meter in depth.  The holes were filled with sandy soil and covered 
with mesh (Plate 3.1B) and will be referred as sand tunnels. The mesh was 
used to prevent debris from clotting on the tunnels.  The treatments consisted 
of zero and one or two sand tunnels 20 cm away from each seedling.  The 
seedlings were irrigated through the ditches from the main canal weekly. 
The site was divided into four replications running against the ditches with 
each replication containing 15 planting spots (Figure 3.1).  The five species 
and the three tunnels treatment were randomly assigned to each spot.  After 
designation of the species and the treatment, the seedlings were planted 
accordingly, and then sand tunnels were dug 20 cm away from the seedlings.  
The two tunnels were dug in an east- west direction.  
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3.5 Data collection and analysis  
The following parameters were evaluated on the same day of planting for the 
five species and then on regular basis for one year: 
• Shoot length   
• Diameter  
• Number of branches 
• Survival rate 
The data of the seedlings growth parameters was recorded and organized for 
the five tested species. One way analyses of variance were run for each 
species at each measurement for the effect of the tunnels treatment on each of 
the growth parameters.  Mean separation using Duncan Multiple Range Test 
was performed when the effect of the treatment was significant. 
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Z0 A0 A1 Z1 E0 G1 E1 C1 G2 C2 C0 G0 E2 Z2 A2 R1 
 
C1 G0 C2 C0 A1 A2 Z1 E2 G1 G2 E0 A0 Z2 E1 Z0  
R2 
G0 Z1 Z0 A2 A0 A1 G1 C2 C1 C1 E2 E0 C0 Z2 EI  
R3 
C0 E2 A1 C2 Z1 C1 G1 A0 G2 Z2 E1 E0 G0 Z0 A2  
R4 
 
Figure (3-1) Arrangement of seedlings of the five tested species and the 
treatments in the four replications.  
 
The letter and number in each replication refer species and treatment as 
shown below: 
A: Acacia ampliceps C: Casuarina equisetifola 
G: Grewia tenax    E: Eucalyptus camaldulensis 
Z: Ziziphus spina-christi 
0:  No tunnel 
 
1: One tunnel 
2: Two tunnels R: replication  
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A 
 
B 
 
C 
Plate (3-2): Seedling and sand tunnels for zero, one and two of the sand filled 
tunnels treatments 
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CHAPTER FOUR 
RESULTS  
4.1 Shoot growth 
4.1.1 Acacia ampliceps 
Shoot growth parameters of Acacia ampliceps showed similar pattern of 
growth under the different treatment.  The effect of sand tunnels on shoot 
length, number of branches and the diameter of A. ampliceps seedlings were 
not significant at the measured intervals, as shown in Table (4-1A, B and C). 
Pattern of growth of shoot growth of Acacia ampliceps was similar under the 
different treatment. In the early stage up to day 50, a slow decrease in shoot 
length was observed and followed by slow increase till the last day (day 315).  
The relationship between growth period and shoot length is linear and strong 
(R2 = 0.87) (Figure 4-1A). The diameter showed steady increase after planting 
of seedlings till the end of measurements at day 315.  The relationship 
between growth period and the diameter is linear and very strong (R2 = 0.98) 
(Figure 4-1B).  Number of branches increased after the second week of 
planting seedling up to day 68 and then leveled till the end of measurement at 
day 315 the relationship between growth period and number of branches is 
linear and strong (R2  = .72) (Figure 4-1C). 
 
4.1.2 Casuarina equisetifolia 
The effect of sand tunnels was significant on the seedlings shoot length, 
diameter and number of branches (Table 4-2, A, B and C).  C. equisetifolia 
shoot growth showed irregular pattern under the different treatment. In early 
stage, shoot length increased slowly, up to the end of measurement in day 
315, the relation between growth period and shoot length is linear and strong 
(R2 =.87) (Figure 4-2A).  The diameter increased steadily from the early 
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stages till the end of measurement at day 315. The relationship between 
growth period and diameter is linear and very strong (R2 = .94) (Figure 4-2B). 
The number of branches remained similar in the first five weeks, and from 
day 41 it increased slowly up to the end of measurement at day 315. The 
relationship between growth period and number of branches is linear and very 
strong (R2 = .90) (Figure 4-2 C). 
 
4.1.3 Eucalyptus camaldulensis 
The effect of sand tunnels on the shoot length, diameter and number of 
branches of E. camaldulensis seedlings was not significant at the measured 
intervals, as shown in Table (4-3, A, B and C).  Shoot length and diameter of 
Eucalyptus camaldulensis showed similar pattern of growth, where an 
increase was observed after seedlings planting till the end of measurement in 
day 315.  The relationship between growth period and shoot length and the 
diameter were very strong (R2 = 0.94) (Figure 4-1 A and B). The number of 
branches started to increase slowly from day 42 up to the end of measurement 
at day 315 and the relationship between growth period and number of 
branches were linear and very strong (R2 = 0.95) (Figure 4-3C). 
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Table (4-1): Means of shoot growth parameters of Acacia ampliceps seedlings grown near sand tunnels for 
315 days in an irrigated farm near Jebel Aulia  
A. Shoot length 
Days after planting Trt¤
0 14 28 58 68 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 114 114 101 119 123 112 115 116 123 126 128 130 139 146 153 159 163 164 176 
1 112 103 101 103 98 100 104 108 115 123 128 133 139 149 155 156 158 161 165 
2 141 129 127 129 121 124 128 131 133 136 152 142 152 161 169 174 176 180 192 
P 0.25 0.30 0.33 0.40 0.41 0.39 0.39 0.38 0.58 0.7 0.19 0.81 0.6 0.68 0.57 0.46 0.52 0.42 0.21
B. Diameter  
Days after planting 
Trt¤
0 14 28 58 68 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 0.8 0.8 0.9 1.2 1.3 1.5 1.7 1.8 2.1 2.6 2.3 2.6 2.9 3.5 3.3 3.9 4.0 4.4 4.8 
1 0.8 0.8 0.9 1.0 1.2 1.3 1.5 1.7 1.9 2.1 2.4 2.5 2.8 2.9 3.1 3.5 3.8 4.2 4.6 
2 0.8 0.8 0.9 1.1 1.2 1.3 1.6 1.8 1.9 2.2 2.5 2.6 2.8 3.0 3.1 3.7 3.9 4.2 4.9 
P 0.98 0.98 0.62 0.35 0.82 0.4 0.39 0.78 0.54 0.21 0.62 0.79 0.94 0.67 0.63 0.82 0.95 0.97 0.92 
 
C. Number of branches  
Days after planting 
Trt¤
0 14 28 58 68 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 2 2 7 20 21 21 21 20 21 22 18 19 20 207 21 25 26 26 26 
1 3 3 5 12 13 14 13 15 15 17 20 20 19 21 22 21 19 20 20 
2 3 3 9 14 18 19 19 19 20 20 20 20 20 20 19 23 23 24 25 
P 0.44 0.44 0.58 0.41 0.4 0.56 0.42 0.51 0.42 o.56 0.95 0.97 0.99 0.95 0.77 0.67 0.45 0.61 0.56 
Trt¤:  Treatment         0:    No hole             1: One hole              2:  Two holes                P: P values 
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A) Shoot length 
 
B) Diameter 
 
C) Number of branches 
Figure (4-1): Trend of shoot growth parameters of Acacia ampliceps seedlings 
grown near sand tunnels for 315 days in an irrigated farm near Jebel Aulia.   
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Table (4-2): Means of shoot growth parameters of Casuarina equisetifolia seedlings grown near sand tunnels 
for 315 days in an irrigated farm near Jebel Aulia  
A) Shoot length  
Days after planting Trt¤
 0 14 28 58 68 82 96 108 122 136 150 164* 180* 192* 207* 226* 236* 267* 315 
0 46 46 39 44 44 57 59 65 72 76 89 94.5A 101.9A 108 132.1A 147.00A 151.3A 140.6A 144 
1 44 43 30 35 36 40 44 48 52 55 61 62.5B 75.8A 80 87.4B 91.2B 94.2B 76.6B 90 
2 63 62 62 64 65 66 72 75 78 84 98 113.2A 127.2A 135 140.4A 145.00A 164.8A 138.7A 132 
P 0.33 0.33 0.19 0.22 0.24 0.3 0.29 0.31 0.3 0.18 0.12 0.01 0.03 0.03 0.01 0.01 0.01 0.04 0.19 
 
B) Diameter  
Trt¤ Days after planting 
 0 14 28 58* 68* 82* 96* 108* 122* 136* 150* 164* 180* 192* 207* 226 236 267 315 
0 0.2 0.2 0.3 0.35AB 0.41AB 0.51AB 0.61AB 0.86B 0.98AB 0.92AB 1.1B 1.2B 1.44AB 1.7B 1.8A 2.4 2.5 2.7 2.7 
1 0.2 0.2 0.2 0.3B 0.35B 0.43B 0.51B 0.56B 0.61B 0.79B 0.8B 0.9B 1.08B 1.2B 1.3A 1.9 2.1 2.1 2 
2 0.3 0.3 0.3 0.52A 0.59A 0.67A 0.81A 0.93A 1.00A 1.19A 1.4A 1.51A 1.71A 2.1A 2.00A 2.3 2.4 2 2.5 
P 0.23 0.23 0.29 0.05 0.1 0.15 0.11 0.08 0.17 0.17 0.03 0.02 0.04 0.01 0.03 0.22 0.34 0.26 0.34 
 
C)  Number of branches  
Days after planting Trt¤
0 14 28 58* 68* 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 0.3 0.3 0.3 1.3B 3.5AB 6.0 8.0 13.7 14.7 16.3 21.3 22.3 26.3 30.7 42.0 66.0 66.0 55.5 53.0 
1 0.0 0.0 0.0 1.00B 2.00B 4.3 4.7 6.7 10.3 11.0 13.0 14.7 16.3 17.7 19.0 28.3 28.3 26.0 28.0 
2 1.3 1.3 2.3 6.00A 8.5A 10.5 12.8 17.0 20.8 25.3 29.0 31.3 35.8 39.5 42.0 60.3 65.0 54.5 54.8 
P 0.11 0.11 0.17 0.003 0.06 0.19 0.11 0.39 0.44 0.26 0.43 0.46 0.46 0.43 0.29 0.29 0.26 0.26 0.29 
Trt¤:  Treatment         0:    No hole             1: One hole              2:  Two holes                P: P values 
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A) Shoot length 
 
B) Diameter 
 
C) Number of branches 
Figure (4-2): Trend of shoot growth parameters of Casuarina equisetifolia 
seedlings grown near sand tunnels for 315 in an irrigated farm near Jebel 
Aulia.   
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Table (4-3): Means of shoot growth parameters of Eucalyptus camaldulensis seedlings grown near sand 
tunnels for 315 days in an irrigated farm near Jebel Aulia  
A) shoot length  
Days after planting Trt¤
0 14 28 58 68 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 87 86 84 76 73 76 83 86 93 95 100 103 108 117 126 143 148.4 150.2 176.4 
1 82 69 70 84 87 97 104 107 117 122 131 140 145 155 163 184 189.7 188.5 222.7 
2 84 85 87 89 92 98 104 110 118 124 127 137 148 157 167 181 182.4 184.1 198.4 
P 0.63 0.43 0.52 0.83 0.69 0.66 0.66 0.68 0.68 0.62 0.6 0.5 0.39 0.38 0.31 0.32 0.38 0.55 0.51 
 
B) diameter  
Days after planting Trt¤
0 14 28 58 68 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 0.5 0.5 0.5 0.7 0.7 0.8 0.1 0.8 0.9 1.2 1.2 1.3 1.6 1.7 1.9 2.3 2.4 2.6 2.9 
1 0.4 0.4 0.5 0.6 0.7 0.8 0.9 0.9 1 1.2 1.4 1.5 1.7 1.8 2.1 2.6 2.6 2.8 3.4 
2 0.4 0.4 0.5 0.6 0.7 0.8 0.9 1 1.2 1.3 1.5 1.7 2 2.1 2.3 2.8 2.8 2.7 3.2 
P 0.74 0.68 0.61 0.88 0.92 0.79 0.73 0.69 0.73 0.9 0.72 0.67 0.77 0.64 0.7 0.63 0.77 0.95 0.79 
C) Number of branches  
Days after planting Trt¤
0 14 28 58 68 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 0 0 1.8 4.8 5.3 5.5 6.8 8.3 8.5 8.8 9.3 9.5 9.8 9.8 10.8 18.8 21.8 23.8 25.5
1 0.8 0.8 1.8 2 3.7 4.7 4.7 5.7 6 7.3 7.7 8 9.7 10.7 12 20 20.3 21.3 26.3
2 0 0 0.3 3.3 3.8 5 5 4.8 5.8 6.8 9.3 9.8 10.8 14.5 15 21.8 19.8 21 22.8
P 0.14 0.1 0.37 0.48 0.74 0.92 0.41 0.18 0.36 0.7 0.79 0.81 0.93 0.27 0.38 0.81 0.91 0.89 0.9 
Trt¤:  Treatment         0:    No hole             1: One hole              2:  Two holes                P: P values 
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A) Shoot length 
 
B) Diameter 
 
C) Number of branches 
Figure (4-3): Trend of shoot growth parameters of Eucalyptus camaldulensis 
seedlings grown near sand tunnels for 513 days in an irrigated farm near Jebel 
Aulia.   
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4.1.4 Grewia tenax 
Sand tunnels effect on diameter and number of branches of G. tenax seedlings 
was significant as shown in Table (4-4, A, B and C).  The seedlings shoot 
length, diameter and number of branches showed different patterns of growth.  
Shoot length increased slowly in the early stage up to day 136 then rapidly 
increased till the end of measurement at day 315.  The relationship between 
growth period and shoot length is linear and strong (R2 = 0.89) (Figure 4-4A).  
The diameter started with a fast increase in day 14 up to the end of 
measurements at day 315. The relationship between growth period and the 
diameter is linear and very strong (R2 = 0.95) (Figure 4-4B). 
 Number of branches increased after day 14 and then leveled after day 33 up 
to end of measurement at day315.  The relationship between growth period 
and number of branches is linear and very strong (R2 = 0.98) (Figure 4-4C). 
 
4.1.5 Ziziphus spina-christi 
The effect of sand tunnels was significant on diameter and number of 
branches of Z. spina-christi seedlings as shown in Table (4-5 A, B and C).  
Patterns of growth of shoot growth parameters were different. The shoot 
length was stable in the first 58 days then it is increased slowly till the end of 
the measurement at day 315.The relationship between growth period and 
shoot length is linear and  strong (R2 = 0.85) (Figure 4-5A).  The diameter 
increased slowly up to day 68 and then rapidly till the end of measurements at 
day 315. The relationship between growth period and the diameter is linear 
and very strong (R2 = 0.95) (Figure 4-5B).  On the other hand, the number of 
branches increased slowly till day 21, then rapidly to the end of the 
measurement at day 315.  The relationship between growth period and 
numbers of branches were strong (R2 = 0.89) (Figure 4-5C). 
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4.2 Survival   
The five tested species showed high survival percentages regardless of the 
treatment used, that ranged between 83.3% and 100% (Table 4-6).  Zizphus 
spina-christi showed relatively high survival percentage that reached 100% 
survival with two tunnels near seedlings.  On the other hand, Casuaina 
equsetifolia showed relatively low survival percentage which was as low as 
83.3 % with two tunnels.  
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Table (4-4): Means of shoot growth parameters of Grewia tenax seedlings grown near sand tunnels for 315 
days in an irrigated farm near Jebel Aulia  
A) Shoot length  
Days after planting Trt¤
0 14 28 58 68 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 58 61 58 61 67 69 76 81 88 92 95 90 103 106 112 116 117 101 113 
1 80 76 77 73 72 74 76 81 87 88 90 90 99 107 109 110 115 103 119 
2 84 82 83 83 81 85 93 88 88 95 103 105 129 129 137 140 142 131 148 
P 0.13 0.13 0.098 0.18 0.59 0.59 0.47 0.87 0.99 0.9 0.79 0.77 0.51 0.62 0.46 0.38 0.34 0.29 0.27 
B) Diameter  
Days after planting 
Trt¤
0 14 28 58 68 82 96 108 122 136 150 164 180 192* 207* 226* 236* 267* 315* 
0 0.6 0.6 0.4 0.6 0.8 1 1.2 1.3 1.4 1.5 1.7 1.8 1.8 1.9A 1.92AB 2.07AB 2.2B 2.2B 2.18AB 
1 0.7 0.8 0.5 0.6 0.8 0.8 0.9 1 1.1 1.2 1.4 1.3 1.4 1.4A 1.42B 1.6B 1.9B 1.9B 1.9B 
2 0.5 0.4 0.6 0.7 0.8 1 1.2 1.3 1.4 1.5 1.7 1.7 2.3 2.3A 2.38A 2.57A 2.7A 2.8A 2.6A 
P 0.32 0.32 0.42 0.56 0.84 0.51 0.36 0.33 0.49 0.44 0.65 0.29 0.13 0.06 0.06 0.01 0.01 0.01 0.07 
 
C) Number of branches  
Days after planting Trt¤
0 14 28 58* 68* 82 96 108 122 136 150 164 180 192 207 226 236 267 315 
0 1.3 1.3 10.3 14.25B 20.33B 24.3 24.3 24 26.3 26.3 27 27.7 35.3 30.7 30.7 38.7 42 45.3 49 
1 3.3 3.3 14.8 25AB 24.75AB 24 25.5 28 27.5 28.3 28.3 28.8 20.2 32.5 32.5 33.5 29 29 30 
2 2.8 2.8 12.8 29.75A 34.5A 35.3 37 36.3 36.5 37.5A 38.3 38 38.2 38 38 47.3 48.33 39.7 44.3 
P 0.25 0.25 0.55 0.06 0.07 0.25 0.23 0.33 0.45 0.43 0.42 0.5 0.19 0.77 0.76 0.24 0.12 0.35 0.31 
Trt¤:  Treatment         0:    No hole             1: One hole              2:  Two holes                P: P values 
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A) Shoot length 
 
B) Diameter 
 
C) Number of Branches 
 
Figure (4-4): Trend of shoot growth parameters of Grewia tenax seedlings 
grown near sand tunnels for 315 days in an irrigated farm near Jebel Aulia.   
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Table (4-5):  Means of shoot growth parameters of Ziziphus spina-christi seedlings grown near sand tunnels 
for 315 days in an irrigated farm near Jebel Aulia  
A)  Shoot length  
Days after planting Trt¤
0 14 28 58 68 82 96 108 122 136* 150 164 180 192 207 226 236 267 315 
0 48.7 46.3 47.8 48.5 47.6 49.1 50.2 50.8 55.5 55.6A 57.7 59.6 60.1 61.1A 61.1 64.9 65.7 64.1 70.5 
1 45.9 38.38 37.2 35.7 37.8 43.2 44.3 42 45.5 48.2A 51.3 53.9 56.1 56.3 58.8 62.2 64.8 62 77.7 
2 49.9 41.38 38.9 40.6 44 42.9 40.4 40.7 44.9 44.00A 45.9 46.8 47 48 47.2 56.2 61.6 72.5 94.3 
P 0.79 0.54 0.35 0.11 0.38 0.73 0.49 0.2 0.16 0.09 0.12 0.13 0.22 0.25 0.13 0.5 0.86 0.74 0.5 
 
B) Diameter  
Days after planting Trt¤
0 14 28 58 68 82 96* 108* 122 136* 150* 164 180 192 207 226 236 267 315 
0 0.5 0.5 0.5 0.5 0.6 0.6 0.6A 0.7A 0.8 0.7A 0.8A 0.8 0.8 0.8 0.8 0.8 1 1 1.2 
1 0.4 0.4 0.4 0.5 0.5 0.7 0.8A 0.8A 0.8 0.8A 0.8A 0.9 0.9 0.9 0.9 0.9 1.1 1.1 1.2 
2 0.4 0.4 0.4 0.4 0.4 0.5 0.4A 0.5A 0.5 0.5A 0.6A 1 1.1 0.8 0.6 0.9 1.4 1.5 1.7 
P 0.65 0.65 0.52 0.54 0.31 0.1 0.02 0.03 0.1 0.08 0.09 0.82 0.74 0.42 0.67 0.2 0.19 0.21 0.19 
 
C) Number of branches  
Days after planting Trt¤
0 14 28 58 68* 82* 96 108 122* 136* 150* 164* 180* 192* 207* 226* 236 267 315 
0 8.5 8.5 11.8 13.3 16.3A 15A 15 15.3 11.8A 12.AB 12.3A 12.5AB 13AB 13.25AB 13.25AB 14.50AB 14.8 15 16.8 
1 5.5 5.5 9.8 10.8 11.5A 13.33AB 14 15.3 14.3A 15.A 14.3A 15.33A 17A 17A 17.33A 19.33A 18 19 23 
2 5.8 5.8 4.8 4.3 4.8B 7B 9 8.7 8.3B 8.33B 8.7B 9.33B 10.B 10.33B 11.33B 13.33B 14 17.7 19.3 
P 0.39 0.39 0.15 0.13 0.03 0.07 0.18 0.16 0.03 0.04 0.03 0.02 0.02 0.04 0.05 0.08 0.43 0.49 0.32 
Trt¤:  Treatment         0:    No hole             1: One hole              2:  Two holes                P: P values 
 36 
 
 
A) Shoot length 
 
B) Diameter 
 
C) Number of Branches 
Figure (4-5): Trend of shoot growth parameters of Ziziphus spina-christi 
seedlings grown near sand tunnels for 315 days in an irrigated farm near 
Jebel Aulia.   
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Table (4-6):  Survival percentage of the five tested species grown near 
sand tunnels for 315 days in an irrigated farm near Jebel Aulia  
 
Species 
No Sand 
tunnel  
% 
One sand 
tunnel 
% 
Two sand 
tunnels 
% 
Acacia ampliceps 100 92 100 
Casuarina aqusetifolia 92 100 83.3 
Eucalyptus 
camaldulensis 
100 92 100 
Grewia tenax 92 83.3 92 
Ziziphus spina-christi 92 92 100 
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CHAPTER FIVE 
DISCUSSION 
Contrary to the hypothesis, the sand tunnels did not improve the seedlings 
growth of, the five tested species, which are known for their tolerance to 
drought and salinity,  the observed results could be due to absence of 
lateral water movement from the sand tunnels or the seedlings had their 
potential growth under the conditions of downwards water movement.   
Sodium ions may have hindered water movement due to the particles 
dispersion, in addition to the heavy clay texture of the soil in the study 
site.  Similarly, Warrence et al., (2002) indicated sodicity cause soil 
dispersion, especially in soils with high clay content. The survival rate of 
the seedlings (83%-100%) (Table 4-6) with no symptoms of mineral 
deficiency may indicate that no competition between sodium ions and 
other cations.  Sodium competes with calcium, magnesium, and 
potassium for uptake by plants roots therefore, excess sodium can prompt 
deficiencies of other cations (positively charged nutrients) (Davis et al, 
undated). Absence of lateral water movement may be related to tunnels 
distance or obstructions.   The 20 cm distance from the tunnels to the 
seedlings or the measuring probe may be far than the water could move 
to, especially with the high sodicity at the layer of the soils (Table 1-3).  
Shorter distances may be tried in new studies.  Additionally, sand tunnels 
may have been obstructed by debris and clay soils on the top of the mesh 
(Plate 4-1).  
 Another possible explanation is the results may indicate downward and 
lateral water movement that reached the root zone and was efficiently 
utilized by the tested tolerant species to drought and salinity; this 
reflected by the high survival percentage and continued growth of the five 
tested species (Acacia ampliceps, Casuarina equisetifolia, Eucalyptus 
camaldulensis, Grewia tenax and Ziziphus spina-christi).  The origin of 
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the species is from a warm or hot region and/or they are tolerant to the 
drought and/or salinity.  A. ampliceps is adapted to dry conditions and 
strongly alkaline soils and reported as one of the most salt tolerant acacias 
(Maslin, 1974).  Casuarina equisetifolia is adapted to dry conditions and 
it tolerates calcareous and slightly saline soil (Gilman and Watson, 1993; 
(http://www.plantstress.com). Also, E. camaldulensis have highly salinity 
tolerance (ECe400-800ms/m) (http://www.plantstress.com). In Addition, 
Grewia tenax is reported to be highly drought resistant and occurs in the 
driest savannas at desert margins 
(http://www.worldagroforestrycentre.org). Also, Ziziphus spina-christi is 
adapted to dry conditions (Hedberg and Edwards, 1989) and tolerant to 
drought and salinity (Assareh and Sardabi, 2004).  
 
 
                
Plate (4-1) Sand filled tunnel obstructed by debris and clay soils on the 
top of the mesh 
 
 
 
 
 
 40 
 
CHAPTER SIX 
CONCLUSIONS and RECOMONDATIONS 
 
Conclusions 
This study revealed that application of tunnels filled with sand 20 cm 
away from the seedling as technique for improving percolation of 
irrigated water under sodic condition did not increase seedling growth of 
the five tested species.  Also, the seedlings of the five tested species 
showed continuous growth in the measured parameter shoot growth 
(shoot length, diameter and number of branches) and high survival rate.   
These results may indicate one of the following: 
1) There is lateral water movement from the sand filled tunnels but the 
soil moisture content in the soil was enough to sustain the seedling 
growth, so that the lateral water movement didn’t show any significant 
effect. 
2)  There was no or little lateral water movement and as the five tested 
species were drought tolerant they were able to sustain their growth 
which made indicate recommendation of drought tolerant planting in 
saline sodic and drought condition. 
 
Recommendation 
In the first year of establishing trees in Jebel Aulia area water supply for 
seedling growth was adequate from irrigation water; effect of the tunnel 
may appear after the first year of establishment therefore this study 
should be repeated for more than one year.   
 
This study suggests the following recommendations: 
1. Follow up for more than one year and use of a variety of species 
which is varying in their draught tolerance. 
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2. Detailed study on application of tunnels filled with or without sand 
and distances between tunnels and tree seedlings.  
3. Adoption of salt and drought tolerant species. 
4. Further studies in Jebel Aulia area recommended. 
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